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Extonsive  investigations  have  been  carried  out  on 
ricai  properties  of  pure,  polycrys tal 1 ine  hexagonal 
Nijland  in  the  Philips  Laboratories 
e results  have  recently  been  s'obmitted 
ate  in  physical  cher.;istry  at  the  University  of 
'.car  the  sponsorship  of  Prof.  J.A.A.  Ketelaar. 
e suits  obtained  lead  to  a model  of  polycrystalline 
consisting  of  v/ell  conducting  crystals  embedded 
y conducting  layers  of  amorphous  selenium.  While  the 
wure  of  these  layers  cannot  be  elucidated  in  detail 
probably  consist  of  loose  selenium  chains.  This  model 
bles  the  structures  of  several  oxidic  semiconductors 
ousiy  investigated  in  the  Philips  Laboratories. 


for 


in 


A.s  is  well  known,  various  impurities  can  be  added 
CO  seieni-um  to  change  its  conductivity  and  the  mobility  oi 
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Cl 
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ics  cherein.  Tne  conductivity  increases  upon  addition  of 
cmine  and  decreases  enormously  in  the  presence  of  thallium 
impurity.  Using  radioactive  thallium  T1^04  mobility 
thallium  in  selcni'um  was  determined  and,  in  agreement 
ch  previous  investigators,  v/as  found  to  be  quite  large, 
e race  of  migration  of  thallium  ions  in  selenium  v/as  cb- 
rved  to  depend  to  a remarkable  extent  on  the  density  of 
e selenium  samples;  the  electro-diffusion,  i.e.,  the  dif- 
0 i on  unde:  the  influence  of  an  applied  field  of  some 

ds  v/cm,  increases  tenfold  upon  going  from  selenium  of 
y 4.30  to  selenium  of  density  4.73.  Various  obser- 
on  the  electrical  properties  can  be  adequately  ex- 
.ained  by  ass'uming  that  thallium  diffuses  along  the  grain 
iundaries  of  polycrystalline  selenium  and  builds  up  insu- 
. :.ng  layers  between  them.  Tivus  the  dc  resistivity  of  such 
:>,jrials  is  very  nigh  and  is  localized  in  these  layers; 


,e  ‘i/i  1 - be  shor  tc  ircui  ted  ! 
>rdingly  a very  much  lov/er 


iy  high  frequencies  at  which 
res  is tance  . is  observed. 
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:eacui’c:‘.o;'itG  of  the  hall  effect:  the  hail  coefficient  v/ae 
,l\.'.ye  eoeiiive  shov;ing  that  tlic  current  ie  priiuarily  car; 


ly  helee.  both  pure  and  br o:einc-conta ining  eamplee  of  high 
doi'.uity  polycryo  tal  1 ine  hexagonal  sclcniua  v/cre  investigated 
and  the  calculated  density  of  holes  was  found  to  be  only 
slightly  dependent  on  the  tenperaturc  and  on  the  brc;nine 
concent.  The  results  indicate  that  there  is  about  one  hole 
in  the  saaplc  for  every  2xl06  seleniua  ato.as  and  their  ao- 
bility  varied  between  O.OC  and  2.2  ca’/v  cec,  under  the  dif" 
ferent  bror.inc  concentrations  studied.  It  was  shov/n  that  the 
theory  which  was  used  to  interpret  .measurements  of  carrier 
;aobllity  in  germanium  and  in  silicon  leads  to  anomalous  re- 
sults in  this  case:  calculating  the  mean  free  path  of  the 
carriers  a distance  of  about  0.6A  is  obtained  for  room  tem- 
perature, which  is,  of  course,  very  much  shorter  than  the 
spacing  of  the  selenium  atoms,  2.36A.  The  layer  model 
.mentioned  above  is  capable  of  interpreting  the  results  and 
leads  to  calculated  mobilities  in  good  agree;nent  v/ith  experl- 
.ment.  Tne  electrical  behavior  of  selenium-tel  lur  iura  alloys 
further  confirms  'this  model.  The  v/hole  range  of  compositions 
\;as  investigated  and  up  to  about  15  per  cent  tellurium  the 
alloys  behaved  in  a .manner  similar  to  pure  selenium. 

Full  details  of  this  work  \^ill  appear  in  the  Philips 
.Tesearch  .Reports. 


EFFECT  i::  EIIAlRY  fixtures 


A relatively  simple  approach  to  the  isotope  effect 
in  binary  mixtures  is  being  investigated  in  detail  by  Prof, 
i,  Prigogine  and  his  collaborators  (Brussels).  It  is  essen- 
tially based  on  their  recem:  v/ork  on  the  ceil  model  of 
.icyuids  and  solutions.  Binary  mixtures  of  the  various  iso- 
copes of  hydr  ogen  and  mixtures  of  He^  with  represent 

incerecting  systems  in  which  quantum  effects  are  of  do.minat- 
ing  importance.  This  is  primarily  due  to  the  fact  that  the 
v/avc  character  of  these  miolecules  plays  a significant  role, 
even  on  a m.acr oscopic  scale.  In  the  case  of  isotopic 
m.ixtures  of  the  heavier  cle.ments,  the  Brussels  group  finds 
■‘at  the  difference  in  zero  point  energy  is  the  main  source 
deviation  from  ideality,  and  can  lead  to  small  effects, 
the  order  of  0,1  cal/mole. 

In  the  case  of  the  mixtures  of  the  very  light  iso- 
topes m.entioned  above;  perhaps  the  sirriplest  phenomonologica j 
description  of  the  approach  used  by  Prigogine  is  to  consido: 
that  the  miixing  process  involves  the  components  under  such 
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;'T c s '3 ur Oii  t.'.Ckt  tacro  ia  no  volur;;c  ciiaa^c  or.  inixiar.  It  io 
acou;.'.cd  il'.at  fr.c  zero  point  cncrgico  dopend  o.niy  o/i  tl.e 
ciTcotivc  volu;.’.G  per  particle  and  on  the  rmss  of  the  parti- 
cle in  the  cell.  The  treatment  developed  yields  the  excess 
thermodynamic  properties  as  a function  of  the  co.-apressi- 
biiitios  and  of  the  volujaes  of  the  pure  co.mpo.nsnts  and  the 
calculated  results  are  in  good  agreement  with  available  ex- 
perimental data* 


It  is  interesting  that  the  calculated  volume  change 
mixing  chances  signs  at  a certain  reduced  mass  of  the 
•m;  thus  the  calculated  volume  change  is  positive  for  T;^ 
and  for  ID  + H?,  in  agreement  with  experiment  and  a 
ive  volume  effect  is  predicted  for  + D^.  Approxi- 
y 1 per  cent  contraction  is,  however,  predicted  for  the 
olar  mixing  of  He^  He^.  In  view  of  the  fact  that 
are  no  particular  experimental  difficulties  in  the  way 
ch  .measurements,  it  is  to  be  hoped  that  these  predic- 
will  soon  be  subjected  to  experimental  test. 

It  is  planned  to  publish  full  details  of  these  in- 
gations  in  Physica  in  the  not  too  distant  future  (cf. 


Advances  in  Physics,  3,  131  (1954)). 


PROCESS 


An  interesting  new  type  of  absorption  process  was 
tly  observed  in  the  laboratories  of  Prof.  J.A.A. 
aar  (P*.ms  ter  dam)  in  the  course  of  their  co.ntinuing  in- 
gations  on  the  infrared  absorption  spectra  of  gases  at 
pressures.  In  observing  the  infrared  absorption  in 
olar  mixtures  of  carbon  dioxide ’plus  nitrogen,  carbon 
de  plus  oxygen,  and  oxygen  plus  nitrogen,  at  pressures 
e order  of  150  atmospheres,  bands  are  observed  which 
r to  correspond  to  the  s i.mul  taneous  absorption  of  one 
u.m  by  each  of  the  tv;o  species  present.  Such  a "mixed" 
nation  band  is  somewhat  surprising,  since  consideration 
a inter. molecular  forces  docs  not  suggest  the  prese.nce 
minimum  in  the  potential  energy  diagram.  I t is  hoped 
study  of  the  intensities  of  these  bands,  which  occur  in 
egion  of  l.Z  - 1,4  p,,  may  give  some  information  regard- 
he  structure  of  the  "complex"  involved  and  the 
nccs  of  approach  of  the  par  tic ipating  species. 

Tne  experimental  arrangement  is  relatively  simple, 
s uO e 1 t uo o ^s  M^oe  ..s  w..e  pressure  ve sse^  .1*^0  t..e  rk..e.*.*" 
v/indov/s,  of  15  m.m  thicitness,  arc  fitted  loosely  in  such 


a manner  that  it  is  the  pressure 


the  tube  which 
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•p’.'ooacs  tlT.cn  tiQiTtly  against  the  supporting  steel  franc.  7 
opaicaji  arrangenena  is  suen  tna  u hy  iseans  oi  one  plane  v^na 
one  focusing  mirror  the  image  of  the  exit  windov/  is  focused 
into  the  precise  location  of  tlie  infrared  source  of  r-  con- 
ventional ?orl-:in-Eimer  instrument.  Tlius  no  changes  are 
necessary  in  th.c  infrared  spectrograph  itself  and  it  can  be 
readily  adapted  from  these  measurements  to  conventional 
liquid  or  gas  spectroscopy. 


1 


In  view  of  the  well  knovm  solvent  power  of  high 
pressure  gases,  particular  attention  was  paid  to  the  presence 
and  possible  effect  of  imp-urities.  Perhaps  the  most  convinc- 
ing argument  in  favor  of  ihe  above  interpretation  of  the 
newly  observed  bands  is  the  dependence  of  their  intensities 
on  the  square  of  the  pressure. 


OXIDATION  PRCCESSZS 


7.‘/o  Dutch  and  two  British  Chemical  Engineering 
Societies  held  a joint  Conference  on  Oxidation  Processes 
recently  in  A.ns  terdam.  An  interesting  general  feature  of  the 
contributions,  which  were  largely  of  a reviei.'  nature,  v;as  the 
fact  that  a large  proportion  of  the  oxidation  processes  dis- 
cussed involved  the  use  of  metal  or  metal  oxide  catalysts. 

7ne  oxidizing  agent  was  either  pure  oxygen  or  air  in  all  but 
one  of  the  processes  discussed. 


Vanadi'um  Oxide  Catalysts  in  Oxidations 

T.he  structure  of  crystalline  va.nadiu.rn  pentoxide  led 
?.  Mars  and  D.  v/.  van  Krevelen  (Gelccn)  to  attribute  its 
catalytic  action  to  certain  oxygen  ions;  in  this  lattice  two 
‘:inds  of  oxygen  ions  can  be  distinguished.  The  rate  of  oxi- 
dation of  aromatic  hydrocarbons  with  this  catalyst  depends  on 
the  conCvTntration  of  those  oxygen  ions  which  lie  in  planes 
parallel  to  those  defined  by  the  vanadiim  ions,  and  on  the 
amount  of  arom.atic  material  adsorbed  on  the  surface.  Aa  high 
partial  pressure  of  oxygen  and/or  low  partial  pressure  of  the 
aromatic,  the  color  of  the  catalyst  will  be  yellowish  brown; 
at  low  partial  oxygen  pressure  and/or  high  partial  pressure 
of  the  aro.natic  the  color  of  the  catalyst  changes  to  greenish 
blue  and  analysis  shows  the  presence  of  high  concentrations 
of  tetravalent  vanadium. 

Cxi  da t i on  of  Olefins  to  Epoxides 


i i q u 1 d 
.nee  h an 


G.  K.  Tv.'igg  (Epsom)  gave  a detailed  account  of 
phase  c.xidation  in  tercis  of  the  free  radical  chain 
is.n  proposed  by  Bolland.  A point  of  interest  which 
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his  coi'iS  icier stions  rcQai'dinQ  the  oxidation  of 
that  in  rcncral  this  will  not  load  to  any  one 
t unless  the  structure  of  the  r;olecule  induces 
attaci:  at  one  position.  Dr.  T'./igg  reported 
oxidation  of  a nu;:ibcr  of  oiefins  yielding  the 
do  as  tiic  riajcr  product.  It  v/as  found  that  the 
suitable  catalysts  to  the  oxidation  of  olefins 
th  the  rate  of  oxidation  and  the  rate  of  pro- 
poxidc.  'I'iais  suggests  that  tiie  epoxide  is  not 
0 interaction  o*  a ityuroperoxiuc  t.OiCCUie  \.'i^.. 
ut  rather  through  attack  of  radicals  on  the 


SuDci.r-  crz.-piciDh'T  of  visccsir.'^ 

At  a recent  di scuss  i on-a.ce  t ing  of  the  Royal 
Society  on  the  first  and  second  coefficients  of  viscosity 
w*  i Xi..cs^  ci e Ox X r e y i a y lor  or  uxxii.orxoge  unxVersi  *.y  r e * 
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gas  ;.as  aero  viseoSi>-y  arxo  -na  i.  cae  propori-iou  v Ox  .x.w; 
total  voluite  which  is  occupied  by  the  bubbles  is  sraall,  the 
result  for  the  :r.acr osc opic  second  coefficient  of  viscosity 


- - 5 - = 3 t 


where  is  the  shear  coefficient  of  viscosity  for  the 
i nc o'.apr e 5 s i a 1 e ixUid.  xnc  Sxngular  bchaVxor  ot  tnis  eX“ 
pression  cones  fror*  the  assumption  that  the  basic  fluid  is 
itself  incc.'.ipressible . 

At  the  same  meeting  .°rof.  J.  '.'.cixncr  of  the 
Technical  Institute  of  Aachen  discussed  the  relationship 
betv;een  an  after-effect  theory  and  a ther.modynan.ic  theory 
having  a second  viscosity.  'x-nc  after-effect  theory  which 
he  considers  has  as  its  basis  the  equation 
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e.(t-u)a.u 


where  the  are  the  stress  components  and  the  the 

\ o ..  oc  X t y graoxOnw  ^ o***p  onu.*ts  . ane  .^i  k a.xu  .x.  o v x s — 

cosxty  tensors.  The  relation  between  this  approach  and  th 
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tl.oory  appears  in  the  f or*T;  the  aftcr-e*fcc' 
thcerp'  r.'.us  t taico  in  order  Tor  the  two  to  be  identical, 
v.ifr.  the  Laplace  transformation 
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the  quantities  must  have  the  form 
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where  the  are  the  relaxation  times. 


-XCRSTIOh'  OF  LNZYidZS  Ih'  CAh'CSR  PATl ENTS 

In  Prof.  Eric  Boyland's  laboratory  at  the  Chester 
Beatty  Research  Institute,  London,  studies  are  being  made 
on  the  urinary  excretion  of  enz;^/mes  v/hich  split  detoxified 
e-aminophenois . Tnese  phenols  are  ordinarily  excreted  as 
the  sulfates  or  glucur oni des . These  are  non-carc incgenic 
while  the  free  o-amino  phenols  are  carcinogenic.  Using 


i-1  hour  urine  samnlc: 


has  been  found 


h\ 


multiple  tui.'.ors  of  the  bladder  have  a many-fold  increased 
excretion  of  both  a sulfatasc  and  a glucuronidase  capable 
of  splitting  the  corresponding  detoxified  phenols.  Indi- 
vid'uals  v/'i'.o  have  had  bladder  t'u.mors  removed  (and  arc  t'ur.'.or 
free)  show  a decreased  c.xcrction  of  those  enzymes  but  do 
not  return  to  normal.  Persons  suffering  from  other  forms 
of  neoplasm  shov/  no  significant  elevation  of  the  urinary 
level  of  these  enzyraes. 


The 

.nvolved.  Tne  absence  of  high  enzyme  excretion  in  any  of 
L.'.e  normal  series  and  the  persistence  of  elevated  excretion 
^n  persons  from  whom  tumors  of  the  bladder  have  been  removed 
ht  see.m  to  argue  for  the  elevated  excretion  being  an 
cct  of  the  timior  grov/th.  However,  the  series  of  normal 
ividuals  is  .too  small  to  exclude  the  possibility  that  a 
11  fraction  of  the  population  has  a high  level  of  excre- 
-icn  of  these  enzymes  before  any  tumors  of  the  bladder  ap- 
pear. One  possible  hypothesis  is  that  such  individuals 
;xict  and  by  liberating  free  o-amino  phenols  in  the  bladder 
:re  predisposed  to  trur.or  development. 
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c^'7rLCGi:AL  ZKFSCi^  ci^  :l\d  1 c:.:i:.:et!C  drugs 

Prof.  Poo  Kollz^v  of  the  Chceter  Pcatty  Hcecarch 
i r.c  u I tete  contir.vice  to  oo  inter  ecteci  in  t.nc  eiiecte  ol 
r nhi  ov.'.ir.'.e  tic  drugs  on  the  liaryokinctic  process.  A variety 
of  agents  including  the  nitrogen  mustards  /fbis-  (3- 
ch.  Icr  oc  tiiyl ) amines_7  tind  dicpoxidcs  produce  "stickiness” 
or  r.on-di  3 June  ti  on  of  chr  ones  omes  leading  to  abncr.nal  ana- 
phase figures.  Lagging  chron.osome  pairs  may  be  isolated 
at  tcioohase  to  form  micronuclci. 


le  e sox  ICC 


O O i ft  ^ 


ficcause  of  the  effectiveness  of 
k v..^.n  ciro.-.atiV-.  ni  og^n  mu s ua r e s v/. .le.*  ..Ow  cy^x.ce  uO 
'r/lcnc  imnon.iun  cations,  there  seems  doubt  that  the 
'.yiation  hypothesis  regarding  nitrogen  mustard  action 
be  regarded  as  universally  applicable. 
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also  been  demonstrated  in  Prof,  hollar'; 
rooCi  ...p  eelis  01  .'leici  -a;,a  c*  r c m o s t 
ceil  division  bloc'r.ing  action  of  the 

m.itcsis.  Tlais  is  . to  : 
yo  v/hich  arc  m.ost  ef- 
interval.  7; 
ivision  block 
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’ogen  laustards  can  be  usee  to  account  tor  tne  ce_ 
division  b j. oc X common.-y  notee  v/hen  populations  oi  ce.. 

; exposea  to  nitrogen  mus tar  as • Presumably  tnose  ceixs 
the  population  which  divided  some  tim.e  ago  are  the  ones 
ch  proceed  to  division.  Tnis  has  previously  been  postu 
cd  but  the  findings  noted  above  provide  direct  experi- 
.tal  evidence  bearing  on  the  point. 


KI hS TICS  OF  HYDROLYSIS  OF  Ahl h'O  PjC I D £S  TSRS 


Dr.  Herbert  Gutfreund  of  the  Department  of 
Colloid  Science,  Cambridge,  is  investigating  the  kinetics 
of  hydrolysis  of  esters  of  amino  acids  as  catalysed  by 
trypsin.  Tne  reaction  is 
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K^O 5>Ri-C-C-0  + H + R3CP 
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or  r.'.o  f.’.g'l  to  cotloi'y  tl.o  cgccificity  rccui  rerr.er.t  of  trypoin 
Ir.r. t t'.o  o.-.'.ir.o  gro'r.p  oc  oubs  ti  tutcd ^ and  has  thus  far 
boon  :;-;oS’.yl  or  otb.yi.  Tire  generation  by  a liydrion  in  the 

; of  oh--  reaction  pcrr.uts  foilov;ing  the  time  course  by 
,n-go . h'i  tropi'.onois  of  appropriate  pK'  are  used  as 
r.otric  indicators  at  or  near  pH  = pK' . 

A solution  of  tb.c  cater  and  a solution  of  the 
or.ayr.o  ^ro  virtually  ins  tantancous  ly  (c_a  1 millisecond)  in- 
J.-csed  ir.to  a reaction  chamber  with  turbulent  mixing. 

Li;.b.t  passir.-g  through  Uio  reaction  mixture  falls  on  a photo- 
'..uisiplicr  oubc.  The  output  of  the  photomultiplier  tube  is 
led  io  a catbiodc  ray  oscilloscope  the  beam  of  v/hich  is 
pl'.o  tographed . 

The  reaction  requires  about  20  milliseconds  to 
achieve  the  steady  state  and  Dr,  Gutfreund  hopes  to  be  able 
to  calculate  all  of  the  pertinent  reaction  constants  for 
the  reactions 


K, 


E -f*  S 


K 


D>  £S 


E + P 


-1 


;n  particular  he  hopes  to  be  able  to  calculate  from  the 
'orm  of  the  acceleration  curve. 


HEAL-RH  HA2.ARDS  IH  UNDERGRCLT-JD  FACTORIES 

At  the  Annual  Idee  ting  of  the  Ergonomics  Society 
recently  held  at  Leamington  Spa,  England,  papers  v/ere  pre- 
sented on  the  physiological  and  psychological  effects  of 
wori:  in  hi  gh- temperature  environments,  health  hazards  of 
v/orh  in  underground  factories,  attitudes  of  workers  doing 
repetitive  tasks,  applications  of  psychology  in  small  indus- 
try, and  development  of  psychological  methods  for  the  study 
of  problems  in  industry.  The  proceedings  have  been  de- 
scribed in  Technical  Report  CHRL-A4-54;  one  of  the  contri- 
butions is  siumnarized  in  the  following. 

S.  Forssman,  World  Health  Organization,  Geneva, 
reported  the  results  of  a study  made  of  the  healLh  of 
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The  ncv/ly  created  Cripps  Chair  of  lie ta  1 lurry  at 
h'ot  * ir.char;  University  is  to  be  occupied,  starting  this 
5epter.'U)cr , by  Dr.  J.  Cuthbertson,  assistant  director  of 
research  of  the  Tin  Research  Institute. 


.-"rof.  V»'i  Ilian  Burns,  Depar  tnent  of  Physiology, 
aring  wross  r*os^-'iu*_.i  i-*eo*cal  Scnool,  no  neon  university, 

■..'i  1 - spend  the  sumaer  doing  research  on  the  physiology  of 
i.e>..ring  at  the  Central  Institute  for  the  Deaf  in  St.  Louis, 
Uisjouri.  Prof.  Burns'  trip  is  sponsored  by  the  Medical 


Sir  rredcric  Bartlett,  retired  Professor  of  Psy- 
chology, Canbridge  University,  and  Prof.  Roger  Russell, 
University  College,  London  University,  are  attending  the 
.n  tarnation  ax  '^on  cress  o*  *^s  * * o a o g y i,.  i.ionuioc^l, 

7 - 12  June.  Prof.  i(.ussell  v/ill  renain  in  the  United 
a .atv.<.>  or  several  r.onoi.s  *.o  wo r R on  ci n y'Ui.e . . oSoc.rch 
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